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ABSTRACT 


The strength of an incoming signal to a shipboard com- 
munications station is measured. The variations in this 
Signal are analyzed for various conditions of roll, pitch, 
and signal direction. Graphs and computer outputs are 
used to present the magnitude and randomness of these 
Signal variations. A smooth surface approximation is used 
to simulate the problem, and this simulation is compared 


to observed data. 
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I. INTRODUCTION 


The vadteevon pattern of a shipboard antenna is compli- 
cated by the fact that the sea is not a smooth ground plane. 
In reality the sea is a rough surface which will scatter an 
incoming wavefront. In addition to this problem, the antenna 
is not a fixed object in space; it moves in both position and 
orientation as the ship rolls and pitches. The ship itself 
1s another complicating factor. Even though the ship is 
electrically Prieted feon the antenna, interaction occurs, 
just as there is interaction among reflectors, directors, 
and the active elements of a yagi antenna. As a result, the 
shipboard antenna pattern is too complex to be predicted 
accurately even with the advanced matrix methods of computer 
solution which have been recently developed. The mathe- 
matical formulation of this problem is (oni but the 
number of required calculations is prohibitive. 

The number of complicating factors makes approximations 
necessary. Ultimately then, all attempts to solve the 
problem of shipboard antenna systems are limited by the 
approximations made. Even if all approximations are valid, 
any deterministic solution is doomed to failure due to the 
randomness of the sea. Some type of probabilistic model is 


necessary to predict system behavior. 





Mew coaooRy OF THE FROBLEM 


A. SIMPLE ANTENNA OVERGROUND 

The problem of the vertical stub antenna of length "L" 
and height "H" above a plane horizontal ground of infinite 
conductivity can be easily solved by the method of images.* 


The electric field intensity of this system may be defined 


Pema crunction of elevation angle “a” and distance “r”. 
_ 60 W cos (2 (27/A) sina) — cos(%(2T7/A)) 
E(a,r) = a Peto er CPs,  —5ec go cnc Cae 
dele sere a: 
where Ri4 = self-resistance of a vertical stub antenna 
of length & referred to the point of 
current maximum 
Ryy, = effective loss resistance of antenna referred 
to same point 
W = power input 


In a shipboard VHF communications system the antenna is 
often located several wavelengths above the sea. When a 
vertical stub 1S positioned several wavelengths above the 
perfect ground plane, the horizontal field pattern remains 
circular or isotropic, but as the antenna is elevated the 
vertical pattern will include more and more null and maximum 
points. That is, as the antenna is elevated the vertical 
pattern will contain more lobes. This increased number of 


lobes can significantly change received signal strength. A 


eeion John D., Antennas, p. 314, McGraw-Hill, 1950. 





small change in the elevation angle of the incoming signal 
can cause a large change in received signal strength. This 


same effect can be expected to occur in shipboard systems. 


B. ROTATION OF THE ANTENNA 

If the stub antenna over perfect ground is tilted in 
any direction the field strength pattern will change. This 
effect can be explained using the pattern multiplication 
method of analysis. According to this method an antenna 
array consisting of identical elements is considered to be 
an arrangement of point sources. The final pattern is the 
point source pattern multiplied by the element factor. In 
the case of the tilted stub over ground, the distance 
between the real and the image point sources will remain 
the same, but the rotation of the dipole pattern will change 
the overall field pattern. Thus as a ship rolls and 
pitches, and therefore the antenna is tilted, two effects 
take place. One effect is the change in the overall 
TMeowmas packer, anc the Other is the change in) the joume 
of entry of the electromagnetic waves on the antenna pattern. 
These two effects cause large but predictable variations in 
Signal strength. Inherent in this discussion however, is 
the smooth surface approximation. “The random wave patterns 


of the sea have not been included. 


C. EFFECTS OF A ROUGH GROUND PLANE 
Reflection of electromagnetic waves from a smooth surface 


as used in the previous discussion is a well understood 





phenomena. In fact, the laws of reflection from a smooth 
surface are so well known that they are used to determine 
electrical properties of materials. If the surface is 

rough however, the electromagnetic energy will be scattered 
in various directions. To predict the form of the scattered 
field is a very difficult problem. This phenomenon has 
received particular attention in connection with radio 
propagation in the VHF range. In line-of-sight communication 
systems the field at the receiving point may be broken up 
into a direct and a reflected ray. In the case of a smooth 
earth the field pattern may be easily predicted as in the 
previous discussion of the tilted stub. When the surface is 
rough the problem rapidly expands. Since the surface of 

the sea is time varying, an exact solution is not possible. 
The received signal will be subject to fades which are 
determined by the form and movement of the sea. In analyz- 
ing random rough surfaces the surface is normally assumed 

to be isotropically rough. That is, the surface is assumed 
to have the same statistical distribution in all directions 
over the surface. When the surface distribution is different 
in the X and Y directions, the calculation becomes very 
involved. This case of anisotropic roughness occurs for the 
surface of the sea which may have a different distribution 


On and across the direction of the Canes 


eee eerie Bey, and=Ssomzz7ichino, A., Thesscatcterindvor 
Electromagnetic Waves from Rough Surfaces, p. 405, 
MacMillan, 1963. 





D. THE SEA AS A GROUND PLANE 

The surface of the sea has been the subject of many 
theoretical and experimental investigations. Schooley [1954] 
and Cox and Munk [1954] have measured the distribution of 
the slopes of the surface of the sea by optical methods. 
According to Cox and Munk this distribution is to a first 
approximation a normal type distribution. The standard 
deviation of this distribution is a function of the wind- 
speed. Their investigation also indicates that the slopes 
of the waves were higher in the upwind direction. This 
means that the sea is not isotropic. The distribution of 
wave slopes derived from measurement of back-scatter of 
radar pulses and by optical methods are in agreement. In 
both cases the distribution 7 normal. > Information 
obtained to date indicates that to a second approximation 
the wave slopes are slightly asymmetrical and they depend 
upon the direction of the wind. Thus although the mechanism 
by which the sea scatters an electromagnetic wave is known, 
the sea surface is not known well enough to predict at any 


instant what the signal strength will be. 


Poe COMPOSITE. PICTURE 
Major signal strength variations will occur as indicated 
previously due to the roll and pitch of the antenna. In 


addition to these variations there is a randomness in the 


sthid., p. 409. 


a 


. 
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variations due to scatter from the sea. As the ship rolls 
to one side the signal strength will not always move to the 
value predicted by the smooth surface approximation, it will 
be offset by some value determined by the sea reflections 

at that instant. Thus signal strength will vary to a band 
of values. The mean of this band should be determined by 
the degree of roll and pitch, and the variance of the band 


should depend upon wind conditions. 


10 





ti. BAPE RIMENTAL PROCEDURE 


me BOUIPMENT SET UP 

fe oncennasesOpertles 

In order to reduce the number of variable factors 

included in the collection of data the antenna used was 
nearly isotropic in the horizontal plane. If a non-isotropic 
antenna had been used all data would also have been dependent 
upon the antenna pattern in the direction of the source. In 
the vertical plane the antenna pattern had many lobes since 
the problem required that it be many wavelengths above 
ground. A quarter wavelength vertical element over a ground 
plane was chosen for its simplicity and its ability to meet 
problem requirements. The ground plane consisted of four 
aluminum radial elements. The antenna was designed using 
published curves.” AIS eS LS RLM le Gime WH rae ie oe eM Gl ect anes 
radials bent to tune the antenna to match a 50 ohm trans- 
mission line at 149.13 MHz. The final design consisted of 
an active vertical element 47.65 cm long. The ground plane 
consisted of four radial elements 47.7 cm long. The radials 
were bent down 45° from the horizontal. The measured 
horizontal pattern of the antenna under ideal conditions is 


shown in Figure l. 


tsasik, H., Antenna Engineering Handbook, p. 14, McGraw 
Paley ol G) ee. 
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Figure 1. Measured Horizontal Antenna Pattern. 
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2. Research Vessel Acania 

The antenna was mounted aboard the research vessel 
Acania. The mounting point was the highest point on the 
ship, 60 feet above the waterline. The Acania is operated 
under the sponsorship of the Oceanographer of the Navy by 
a five man civilian crew employed by the Naval Postgraduate 
School. The vessel is 126 feet overall with a beam of 
21 feet 4 inches. Under normal operating conditions it 
displaces 246.8 gross tons. The Acania's small size made 
it an speq@eiilem: Pees @usiiee Crease) lad iie Titer 

3. Recorder and Receiver 

The receiving equipment consisted of an AN/URR-27 
radio receiver connected to a Hewlett Packard #680 strip 
recorder. The URR-27 is designed to receive an amplitude 
modulated voice transmission in the 105-190 MHz frequency 
range. The receiver was crystal tuned to 149.13 MHz to 
ioromene (Ghats pEOo lems encountered ime the s manta: saaemia Ie 
mode. The transmitted signal was CW only. The basic 
receiver was modified for this experiment by disconnecting 
the AVC bus from the "IF" amplifiers. The strip recorder 
was connected from the AVC bus to an external power supply 
which was grounded to the receiver. This resulted in an 
output on the strip recorder that was approximately linearly 
1S SNeSiel jee) Gee ap jsiwee (CW fciepots dls Ne cUinloparsiieikepel (e.sbevxes; islets! 


with different equipment settings are included in Figure 2. 
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B. ANALYSIS OF DATA 
eCOmMimon OUeput Data 

Received signal strength was continuously plotted 
on the strip recorder as the ship steamed from point to 
point. Along with the continuous signal strength plot, 
the ships course and speed, and the direction and distance 
of the radiating source were periodically recorded. Only 
a rough estimate of roll and pitch using the ship's 
inclinometer could be obtained. The Guatnce roll and eaten 
were the least accurate of data taken on each run. The 
numbers assigned to roll and pitch for a run were estimates 
of the average values for the run. 

eee een CNembcaca 

Since the variations in signal strength were the 
primary consideration, only amplitude values were taken 
from the strip recording. Whenever the signal strength 
graph reversed direction and continued in the opposite 
direction for at least one half decibel, a signal peak was 
recorded. The value of one half decibel was chosen since 
equipment accuracy was limited to this value. All points 
were recorded with values of either a whole or a half 
decibel. Figure 3 shows how data was recorded. The 
numbers next to each peak are the recorded values. Circles 
indicate variations not recorded since the change was less 
than one half decibel. No time dependence is included in 
this procedure. The time between peaks varied from a frac-— 


tion of a second to several seconds. After this step the 
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Figure 3. Digitizing the Strip Recorder Plot. 
Circles indicate variations less 
than one-half decibel. The numbers 
on the graph are the recorded values. 
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data consisted of a number of data points which represent 
Signal strength peaks. | 
3. Computer Program Distribution 

The Fifer analysis of the data points was done by 
computer program "DISTRIBUTION. " The output of this program 
is an un-normalized discrete probability density function 
of the signal strength peaks. Figure 4 displays the form 
of the computer output. Figure 5 is the graphical output. 
Data pertaining to the run being output appears at the top 
of the page followed by a listing of the data points taken 
from the strip chart. The next output is the average and 
standard deviation of the data points. The average value 
is subtracted from each data point and these values are 
quantized. These quantized values are counted and the 
number of values in each range is output. Since the average 
and standard deviation of the entire system has already 
been determined, the positive and negative portions of the 
graph are then analyzed separately. This allows a com- 
parison of positive and negative swing tendencies. The 
graphical output of quantized values versus the number of 
points in that interval demonstrates how the signal peaks 
were distributed. This plot was used to determine the 
location of the signal peaks and the variability of the 
Signal strength. 

4. Computer Program Variation 
The next analysis was done by computer program 


"VARIATIONS." Computer outputs are contained in 


ley) 
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Figure 6 and Figure 7. Graphical output is contained in 
Figure 8. This computer program is very similar to the 
previous program. The same data points are input. The 
program subtracts each data point from the previous point 
to obtain the peak to peak variation. There is no need to 
normalize this data since the values do not depend upon 
absolute Signal level. They depend upon the change in 
signal level. The program next quantizes the values and 

a graph of thas result is output. Thus the location of 
peak to peak variations is analyzed. Next the distribution 
function of the peak to peak variations is computed. From 
this portion a probabilistic estimate of how large a vari- 


ation can be expected is obtained. 


een SLMULATION OF THE PROBLEM 
eae EP uOgrwatinoet UWP 

The computer simulation of the problem was programmed 
for use on the AGT-10 graphics terminals. The basic equa- 
tions used were taken from two technical reports, "Predicting 
Long-Term Operational Parameters of High-Frequency Sky Wave 
Telecommunication Systems" (ESSA-ERL-110-ITS78) and "Power 
Gains for Antennas Over Lossy Plane Ground" (ESSA-ERL-104-ITS74). 
The programs predict how antenna patterns will vary as a ship 
rolls and pitches over a smooth sea surface. The first 
parameter that must be input on the graphics terminal is the 
antenna type. A vertical monopole, inverted L, sloping long 
wire, vertical monopole with ground screen, vertical half 


rhombic or a dipole may be chosen. Next antenna length, 
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height above the sea, and orientation on the ship are input. 
Other inputs establish frequency, direction of the incoming 
signal, and environmental constants. The program outputs 
a plot of the vertical and horizontal antenna patterns at 
the point designated, incoming signal strength, and maximum 
gain of the tear in that position. The sea state input 
and the direction of sea input determine maximum roll and 
pitch angles. The ship rolls from an upright position, to 
a maximum roll and pitch, through upright to the other 
maximum, and back to upright in thirty six equal intervals. 
Data is output for the antenna orientation on each interval. 
oe Use of Program in this Problem 

Because of the way the program equations are set 
up, the vertical monopole over ground plane cannot be 
elevated to any height above the surface of the sea. There- 
fore the present problem was simulated using the dipole 
antenna. This approximation was made since a vertical 
monopole over a perfect ground is essentially a center fed 
dipole when the image of the monopole is considered. MThus 
the actual problem would be a dipole sixty feet over the 
surface, and its image sixty feet below the surface if the 
ground plane were perfect. Major problems occur when the 
antenna is exactly upright. The program blows up at the 
boundary conditions. This is why the zero roll zero pitch 
condition was avoided in the output. This is also why 


output values were much higher in the zero roll runs. 
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IV. EXPERIMENTAL RESULTS 


fee OL REP RECORDER PLOT 

The strip recorder plot of received signal strength 
provided interesting data even before numbers were con- 
Sidered. Figure 9 shows signal variations over a choppy 
sea with no large swells. Figure 10 shows signal variations 
over a sea mith large swells but little choppiness. 
Figure ll shows both large swells and choppiness. In all 
three cases the eteAl strength graphs resembled the surface 


of the sea for the condition being observed. 


B. DISTRIBUTIONAL ANALYSIS 

The distributional analysis conformed quite well to the 
general theory proposed. In most cases the received signal 
was characterized by a gradual increase to a peak, followed 
by a decrease to approximately the mean value of incoming 
Signal, followed by another peak and a gradual decrease. 
There were definitely two intervals between which the 
Signal strength swung most frequently. The gradual 
decrease on both sides of the peaks further shows the 
large variation with a small variable factor possibly 
caused by the randomness of the sea. This variable factor 
Sould “aAlsSe@vbe watt nlouced to the Lact Chat. on any run ene 
ship would not roll to the same angle every time. The run 


might be estimated to have a 5° roll overall, but any 
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Figure 9. Output of Computer Program "ANTENNA SIMULATION." 
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Figure 10. Signal Variations Over a Choppy Sea 
with No Large Swells. 


Za 





Signal 


Strength’ 
(DB) 
947 
924 
90 - 


io Ts 2 2a ® 30 time 
(sec) 
Figure 11. Signal Variations Over a Sea 
with Large Swells but No 
Choppiness. 


28 





Signal 


Strength 
(DB) 92 
90 T 
88 
86 
is LS 2225 30 time 
(sec) 


Figure 12. Signal Variations over a Choppy Sea 
with Large Swells. 
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mide veadudl coll migqnt be 542° or 3° or 7°. Runs were not 
extremely long so that roll and pitch could be updated more 
often, but they could not be made very short because small 
sample sections can lead to very erroneous conclusions. 

By looking only at the distributional analysis no relation- 
ship between roll and pitch conditions is immediately 
obvious. Peaks occur on each plot, but they are unrelated 
to roll and pitch. Mean and variance also show no logical 
progression. But this kind of correspondence cannot really 
be expected. Signal strength is too dependent upon the 
direction from which the electromagnetic waves originate. 
When receiving from a point directly astern and taking 5° 
rolls the variations might be fairly small. This in no way 
indicates that when taking 5° rolls and receiving from 
abeam the signal will still vary only slightly. Therefore 
when looking only at the distributional analysis, the 
validity of each run is the question. To answer this ques- 
tion many runs under the same conditions on different days 
are necessary. Due to the long time necessary to hand 


digitize the data this problem could not be undertaken. 


C. VARIATIONAL ANALYSIS 

The results of the variational analysis follow closely 
the results of the distributional analysis. The same two 
peak behavior shows up on the graphs, with the same type 
Gradual decrease around the peaks. The average value of 
the data points is always very close to zero. This shows 


that the runs were short enough so that the average signal 
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strength was constant. Again because of the number of 
variable factors involved, neither the peaks or the prob- 
ability computations show any easily definable trend. Also 
the lack of many runs under the same conditions leaves the 
validity of the data in question. The shape of the output 
graphs conforms well to the proposed theory however. It 

is only the degree of accuracy of the numbers, and the 


predictability of the peaks that is in doubt. 


D. SIMULATION ANALYSIS 

The computer simulation of the problem was an attempt 
to tie all the previous analysis together. The program 
did not include the randomness of the sea, but it was hoped 
the program could predict where the peaks in distributional 
and variational analysis should occur. The program failed 
to accomplish this task. As the ship rolled through a 
complete cycle, the program predicted several peaks in 
signal strength. One of the peaks corresponded to the 
Major peak in the actual data, but with that many peaks, 
one of them had to match. According to the simulation, 
three equal peaks should show on each side of the mean. 
From these results the smooth surface approximation seems 
doomed to failure. The rough surface seems to smooth out 
the antenna pattern so that instead of going from a maximum 
to a null as the ship rolls, the pattern goes from a lesser 
maximum to a minimum higher than a null. Because of this, 
On the average the signal varies between two points. The 


rough surface makes the result more predictable in a more 
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random way, more predictable since there is only one average 
value to which the signal varies, but more random since all 


values around that average are possible. 


E. SHORTCOMINGS OF ANALYSIS 

The two major drawbacks in this analysis were the 
accuracy of the measurements, especially roll and pitch, and 
the necessity to hand digitize the bake, Rol ances teu 
values were estimates, and the accuracy of signal strength 
measurements was limited to £ .25 DB. If on two different 
runs the peaks were in the same spot on the computer out- 
puts, the peaks could be as much as .5 DB apart in reality. 
The lack of self-digitizing equipment prevented many runs 
from being analyzed. This also prevented any attempt at 
a frequency analysis of the data. Further analysis of the 
problem should include many runs under identical conditions 
instead of runs under many conditions. In this way the 
predictability of signal variations can be established. 
Once this is accomplished, different runs can be added in 


search of a method to predict the result. 


Br 


V. “CONELUSITONS 


As a ship rolls and pitches, signal strength will, on 
the average, vary between two values. The magnitude of 
these variations is dependent first of all upon sea state, 
Since this determines the height of the large ocean swells. 
The variations also depend upon wind speed since this 
determines choppiness. A third dominant factor is the 
relative direction from which the signal is being received. 
A smooth surface approximation is not justified since the 
rough surface reflections have a smoothing effect on the 
antenna pattern which modifies the magnitude and the 


frequency of the variations. 
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ANTENNA SIMULATION 
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ANTENNA SIMULATION 
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LENGTH 68F ANTENNA = 095 METERS 
HETGHT @F ANTENNA & 18ee METERS 
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THETA 8F ANTENNA = O00 DEGREES 
FREGUENCY z 1490 MHZ 
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ANTENNA SIMULATIEN 


LENGTH 6F ANTENNA 
HEIGHT @F ANTENNA 
PHI @F ANTENNA 

THETA 98F ANTENNA 


935° METERS 
LO mm eee No 

OU OV DEGREES RELATIVE 
OOO DEGREES RELATIVE 


FREQUENCY 149e¢O0 MHZ 
EPSILON 8OeO 
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THETA OF PLOT 
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X-SCALE 5.008400 UNITS INCH. 
Y-SCALE=5.Q0F401 UNITS INCH. 

VRRIR TIONS = RUN 2U a PTT CRO 
LOURSE OOO F&émh OTR. 149 DIST 10.44 
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ANTENNA SIMULATISN 


LENGTH 6BF ANTENNA = oO Smee cis 
HEIGHT OF ANTENNA = 18ee METERS 
PHI BF ANTENNA = OOO DEGREES RELATIVE 
THETA @8F ANTENNA 3 000 DEGREES RELATIVE 
FREQUENCY z= 14960 MHZ 
EPSILGSN z= 8&0+0 
SIGMA = 500 
Bier PLOT = O31 DEGREES RELATIVE 
THETA 8F PLBT = O89 DEGREES RELATIVE 
SEA STATE = 1 
DIRECTIEN @6F SEA = OGO DEGREES RELATIVE 
ROLL PITCH SIGNAL STRENGTH 

(DEGREES) (DEGREES) (DB) 

00 05 28«868 

0 1-0 28¢870 

°0 425 289873 

eO 1-9 282877 

0 2e3 C&8e8Sl 

0 C0 28885 

«0 CoS 28e¢889 

0 320 C8+891 

20 300 280891 

0 30 C8e891 

0 ee8 280889 

¢O Ch C8e885 

0 Ce3 28e88l 

00 19 C8877 

¢0 15 28873 

eO 1-0 £8*870 

0 05 - 280868 

°O #5 282868 

eO e410 282870 

eO e105 23873 

«0 “19 C8877 

0 e2e3 C8881 

eQ e2e6 CRe885D 

0 #02 e& CRABRI 

0 3-0 C8891 

0 #30 280891 

0 -3.0 23¢891 

«0 “0298 C£8e¢8R9 

eO ece 280885 

eO e2e3 C8884 

oO e193 280877 

eO “4.5 232873 

0 “1-0 280870 

0 #5 £82868 
AVERAGE VALUE =-28+88 DB 
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| my) ner ane Soe are i} 


R-SUALE~S. 90£+00 UNITS JNCH. 
P-SLALE 1. 996499 UNITS INCH, 

HISTRIBUTION RUNG? ROLLUO PITGHdS 
LOURSt 100d EAM OIR. 149 DIST 10.434 
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meee) § -5. 006+00 UNITS JNCH. 
Meercolf=t. 99i+hd UNITS JNCH. 


PARIATIONS  RUNS2 ROLLOG PITCHOS 
DOURSE 180 ESM DIR. 149 DIST 10.34 


94 








PO Hes FON MaSFHOAADO 
OST AAOONMS OWO0Y eA 
DA AD OM OWT MONAOO 
eo e®ee%8#eee?e © © @ @ @ ®@ 


OOOO 99VO9ND9O9O000%4 


DODDVDDO9D00000N 
DNONONONONON IW 
*ee9ee#eege?#2e?e@e@8§9@¢8 @ 


MO OMNIS SOMA HO 


22 





ANTENNA SIMULATION 


LENGTH 6F ANTENNA = 2S EME Wane 

HEIGHT 8F ANTENNA 2 182 METERS 

PHI 6F ANTENNA - 000 DEGREES REA 
THETA 6F ANTENNA s O00 SEGREES REEATIV= 
FREQUENCY = 149-0 HZ 

ees 1tL&N = 68000 

SIGMA 2 5A 

aol OF PEGT = 21d) DEGREES  REiewey = 
mark GF PLET s O39 DEGREES REebAiV: 
SEA STATE = 2 

DIRECTIGEN S&F SEA = Oce JDEGRESS Ree, = 


6 


ROLL Baler G SIGNAL STRENGTH 
(DEGREES) (DEGREES) (DB) 
1.0 5 3*681 
ee) 10 1*190 
300 1-5 Ceo464 
309 ie3 3*349 
406 ee3 2e4?P8 
Sec C06 1«88e 
506 ce8 12 Seo 
as, 349 erelec 
600 320 29205 
Seo 360 2elee 
566 C48 12930 
ae C26 1°&882 
46 Ce3 Ce4?P8 
33 169 32349 
30 1-5 Ce 64 
CeO 1-0 1190 
Le 5 3681 
“1.0 25D 32893 
e240 e410 L<ec32 
#320 e415 2ee55d 
#309 #19 30355 
~4e46 #23 23667 
wee e276 ee006 
#506 moe 12893 
#529 #30 1¢99C 
©6<0 =3.9 ce049 
#509 #30 1°99e 
“526 “28 1893 
“52 “206 2006 
oh of “Pe3 28667 
939 “1.9 3355 
#320 *15 2e255D 
“20 “1.0 Leesg 
e{0 25 3°¢893 
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DATA POINTS 


OWIAWLALAM © ao 
*eeee%8 e888 @ LiJ 
DMNOROMAN = 
Mm OOO OOO cdM O 
N a 
° OM 
Mm bee LJ 
NA ULVOOOW® <I = 
of ee Fe © @ _ O 
DAMA HAM OO = a. 
00 00 COM OC af i 
los 
Ze < <I 
i) ae 
OCoowMownoo r- VY ond Ole OlL@le Olle 1 OlOl el @1el@l@lelelelelelele@) 
oe @ ®@e@ © 8 @ t — oe e@eteeft ff @e © 8 © fF @ @ © @ © F 8 @ ® 
FrONRANOPF Tt = = COOANNT OOMMN SS LUNAR OO 
MWMDODDMODODO - — < 4 =“ 
> @) 
Lij Q. Y) 
CO — 
A SUVA SDOOMY 8 oan 
ee «© © e@ee@e LC WY) — ODAIAOWO 
NAINONRALYO => © FFOM OAH 
COmcMmamamaOPME ad Gs eoeeete 
© ~ SAOrestOre 
we LJ t 
<< = 
OMWNOOOWO KF O 
®eeeeeee WY ©: Hoy ww uy 
UVF ONOAMODAA 
00 00 C00 CO COP 0 aa Ce 
WJ aie 
ml Al peel 
— }— b— 
Oooo rnwWwtysy @d as <I <I 
“ee f¢ @ © ee C) <I bom et 
MOOaANAOMOAD = > 
OOO MO @McCcfT, e Cc am pee LLILL 
—~ OC CQ <{ <1 Se) 
oO = Wud 
> aes ULI CC) 
LVN UV LWA OU © e ~~ DY e Aaa 
©*e7ef e@ © © © @ iT Y) Li) Nazi 
TNANIMOS m4 = LALA LV LALA ILA LALA A KIA LA LALA A LALO UAL EN W TOOO 
cCOm;*McadccMD O OUR OUR Ag A OM CU OR AIM QUIS OI NM AL) DD Ree Ze 
J <I Ce ®e7e Feet eeeteeertee tt © ee €¢ 6 ee © @ Ljuiwvo<te< 
as - LAS SMM A aAODOORANNMOS SUV adtddtkee 
= <I Q bruae te bPt ube > SPS SONNY 
OWOWUWOOW & Ce LJ 
e0e«e © © @ @ @ NM LWW tu Wu 
NONDAONO W © — >>> > Oo 
coOmonMmcamaaad © LJ al et at md md 
rr PE EE 
ac Oo. aoe Lrei<T resect 
uJ <{ ~~ ONUONWDM 
QDOONOWMNOS > aa © WUQOWOWO 
oe ef eeeree as) a aoe Oo CO. 
OT RHODHON 


MMO WDOdDMOcAa 


97 








B-OURLE: 


Lo 
Bou riLt.s:2. 


OE+00 UNETS INCH. 

UrF+O0 UNITS INCH. 

JIOTRIBLT ION RUNS4 ROLLOB PITCHOS 
COURSE O00 F&M BIR. 149 DIST id. 9d 
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STANDARD DEVIATION 


aa —O. 1DB 


VARIATION 


GRAPHED DATA IS, 


AVE. 


POINTS AT THAT VALUE 


VS. 


VARIATIONS 


HAT VALUE 
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B-SCALF «5. 006+00 UNITS INCH, 
Y-SCRLE 2. 00£+00 UNITS JNSH. 
VAR IGT IGNS RUNG 

LUURSE GOO bah OR. 





PIT UnUS 
49 ilsl Ju. 34 


BULLS 





PEAK TO PEAK POWER 
(ABSOLUTc VALUE, OB) 


O~rDAOMAOLSNONMEM 
OWA DOM AAS Pun 
OWDADDDA-EUIAMNOO 
Ce ee ee ee er ee ee ee ee ee ee | 
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eo %®ee ®©@ee © © @ @ 
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ANTENNA SIMULATIAN 


LENGTH @F ANTENNA 
HETGHT 6F ANTENNA 
PHI 8F ANTENNA 


THETA OF ANTENNA 

FREQUENCY 

EPSILON 

SIGMA 

PHI 8@F PL&ST 

mAaeTA SF PLOT 

SEA STATE 

DIRECTION BF SEA 
ROLL PITCH 

(DEGREES) (DEGREES) 
19 00 
Cel 0 
30 00 
309 0 
466 0 
Sec 00 
Sey 0 
Seo 0 
6-0 20 
503 eQ 
Se7 00 
See 00 
4.6 e 0 
3e9 0 
340 ¢0 
Cel 0 
19 0 
710 00 
“Cel 0 
#340 ¢O 
©3e9 0 
m~4e6 00 
“502 00 
°5e7 ¢O 
e509 ¢O 
“620 sO 
“549 PaO 
e5e/7 0 
“Sec 0 
“406 0 
#309 0 
#30 09 
e2el 00 
-1.0 0 

AVERAGE VALUE = 2¢35 08 


eunouaw#wmeeHewu ht ak 8 
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1 
049 


METERS 
Petre 
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MHZ 


DEGREES 
DEGREES 


DEGREES 
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RELATIVE 


RELATIVE 
Re Aa = 


RELATIVE 


SIGNAL STRENGTH 


102 


(OB) 


30635 
1«182e 
27494 
3305 
20340 
1823 
1.9035 
oslo 
cei94 
2*«109 
1<3608 
1*8&23 
2340 
34305 
22494 
1°182e 
3635 
3¢849 
1e231 
Ce288 
34335 
24586 
1e¢941 
1°¢857 
1e974 
2e036 
1974 
1¢857 
1e941 
2e586 
3*335 
29288 
{e231 
34849 
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STANDARD DEVIATION 
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AVERAGE POWER 
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R-SUALE<5.09£+99 UNITS INCH. 
A-SUALE=-5. 99£+99 UNITS INCH. 

NISTRIBUTION RUNSS ROLLS PITCHdC 
LOURStE d90 tah QIR. 149 DIST 1d. 3¢ 
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K-SCALE=5. 00£+90 UNITS INCH, 

P-SUALE=2.996+99 UNITS INCH, | 

VAR IAT IONS RUNGS RULLUO PIT GRdd 
LOURSt JZ0 bah QIR. 1453 DIST 10.54 





PEAK TO PEAK PCQWER 
(ABSOLUTE VALUE, DB) 
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ANTENNA SIMULATIEN 


LENGTH 68F ANTENNA 
HEIGHT @F ANTENNA 


095 METERS 
18ee METERS 


PHI BF ANTENNA 000 DEGREES RELATIVE 
THETA @BF ANTENNA © O09 DEGREES RELATIVE 
FREQUENCY © 449e¢0 MHZ 
EPSILON e 80¢0 
SIGMA © 50 
PHY @F PLOT = O10 DEGREES RELATIVE 
THETA 8F PLOT Ee O89 DEGREES RELATIVE 
SEA STATE s e 
DIRECTION 6F SEA 5 061 DEGREES RELATIVE 
R@LL Pitcr SIGNAL STRENGTH 
(DEGREES) (DEGREES) (DB) 
Cah oO 10¢455 
4B ¢Q Cells 
700 oO e°963 
9.0 0 2e2hO 
107 20 22720 
icel 0 2306 
13e] e9 20683 
138 eQ 2780 
14.0 00 ce75l 
13.8 00 ee7 80 
13e1 0 2683 
1eel e 2s306 
10¢7 0 ee720 
SG 00 fel 40 
720 0 €9963 
4,8 ¢O eCecl4 
Ce 9 1¢455 
enced 0 1¢383 
#448 00 2e42e 
+740 ¢O 2896 
#940 00 Celso 
“10/7 00 ee 810 
eleel 00 2373 
e1l3el ¢Q ee47e 
#138 00 2704 
“140 oO 20750 
13-8 0 ce704 
ei3.i 9 ee47e 
"leel 00 Ce32e3 
e10e./7 00 2e&10 
e940 0 2e155 
#720 a0 2«896 
e4_8 0 Ce4Pe 
eced 00 1¢383 


AVERAGE VALUE = 243 O02 
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LENGTH OF ANTENNA a 
HEIGHT OF ANTENNA = 
PHI 8F ANTENNA . 
THETA 8F ANTENNA = 
FREQUENCY z 
ees GN z 
SIGMA 2 
PH] OF PLET 2 
THETA @F PLOT 2 
SEA STATE x 
DIRECTION SF SEA = 
ROLL. Plea 
(DEGREES) (DEGREES) 
1 00 
1-7 °O 
Zeus 00 
3ee 00 
308 °0 
4.3 00 
46 0 
49 «0 
449 0 
409 0 
406 00 
4,3 0 
308 °0 
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e205 QO 
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FREQUENCY s 
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SIGMA 2 
PH] 6F PLE8T = 
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SEA STATE = 
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ANTENNA SIMULATION 


LENGTH @F ANTENNA 
HEIGHT @F ANTENNA 
PHI 8F ANTENNA 

THETA 8F ANTENNA 


095 METERS 
18e*2 METERS 

000 SEGREES RELATIVE 
GOO DEGREES REEATI Ve 


FREQUENCY 14960 MHZ 
EPSIL@N ROe0 
SIGMA 50 


PHI 98F PLOT 
THETA 8F PLOT 
SEA STATE 
DIRECTIGN 6F SEA 


228 DEGREeo RERAeIve 

O89 DEGREES RELATIVE 
eC 

018 DEGREES RELATIVE 


| | |: |: 


REALL ee a SIGNAL STRENGTH 
(DEGREES) (DEGREES) (DB) 

i, 00 42874 
1-7 0 1¢450 
ee5 ¢O 1¢48/7 
3ec 0 2803 
308 0 3345 
4,3 «0 ee84e 
46 eO 2307 
49 00 22045 
4.9 eO 1°¢976 
4.9 © 0 2045 
466 20 20307 
4.3 0 2e84e 
308 00 3«345 
3e2 0 2803 
CeS 00 1487 
te/7 00 12450 
09 0 42874 
#3 0 See? 2 
ale? °O 12590 
#PeD 0 1°¢414 
*3ec 00 2e589 
“38 00 3°325 
e4,.3 00 3e046 
#46 oO 20554 
“4.9 0 22264 
7449 eO EGS. 
#449 0Q oec 64 
7446 0 2554 
04,3 ¢O 30046 
#348 00 3°325 
#302 0 2e589 
“25 0 1414 
e1e/7 0 1-«590 
a ee) 00 5°079 


AVERAGE VALUE 2 265 68 
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X-SCALE:2.Q0£+00 UNITS INCH. 
¥-SCALE=5.00F+02 UNITS INCH. 
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ANTENNA SIMULATION 


LENGTH 68F ANTENNA e9> MELERS 


HEIGHT @F ANTENNA z= 18ee METERS 
PHI @8F ANTENNA & 000 DEGREES RELATIVE 
THETA BF ANTENNA 2 000 DEGREES RELATIVE 
FREQUENCY © 149690 MHZ 
EPSILAN ze 8090 
SIGMA a 5<9 
PHI @8F PL&T = O10 DEGREES RELATIVE 
THETA SF PLAT = 089 DEGREES RELATIVE 
SEA STATE = e 
DIRECTIGEN OF SEA = 070 DEGREES RELATIVE 
Rel fleet SIGNAL STRENGTH 
(DEGREES) (DEGREES) (DB) 
Ce6 0 le7ey 
5e] 00 1940 
Tes 0 22718 
9e/7 . 0 23638 
ileS eO 22355 
139 ¢O 230634 
14e1 0 ee719 
148 00 2504 
159 90 20448 
148 © 2504 
L4el 00 2719 
130 ¢O 22634 
es 00 20355 
947 ¢O 22638 
Tea 00 2°718 
56k 00 1940 
Caf 0 1727 
226 ¢0 {e596 
~5el ¢O 2060 
a7 5 00 2+873 
e93,/7 00 20445 
e1ied 0 20538 
#130 ¢ 0 fe4e4 
#“1i4el 0 C+«766 
~14e8 00 20685 
=15.0 20 2«618 
~14.8 0 20685 
“14.1 ¢O ce/766 
13.0 ¢O cehP4 
115 0 22538 
»-9e7 ¢0 20445 
©7e5 0 2°873 
“Sel 00 22060 
ecb 00 1«598 
AVERAGE VALUE = Cede 08 
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ANTENNA SIJMULATIEN 


LENGTH 8F ANTENNA z (J ONMETERS 
HEIGHT @6F ANTENNA 5 18ee METERS 
PHI @F ANTENNA % 000 DEGREES RELATIVE 
THETA 8F ANTENNA = 000 DEGREES RELATIVE 
FREQUENCY Boe eo ariaz 
EPSIL8N = 80e0 
SIGMA = 5eO 
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